Background/Objectives: To evaluate the potential impact of nutrient profiling-based dairy product choices on energy and nutrient intake in German children and adolescents. Subjects/Methods: Consumption data were obtained from product-specific dietary records in the DONALD Study (Dortmund Nutritional and Anthropometric Longitudinally Designed Study). We compared actual intake data with intake data that were calculated based on the assumption that participants exclusively consumed products that met the criteria of selected nutrient profiling models. Results: For most profiling models, the percentage of compliant products was unrelated to the percentage of the participants' dairy consumption rated eligible. The participants' intake of energy, saturated fatty acids (SAFA), sodium, calcium and vitamin D would be reduced significantly (Po0.0001) if only qualifying products were consumed. The impact on the participants' nutrient intake levels was not directly related to the impact on the product's nutrient content levels. Lower fat consumption was correlated with reduced vitamin D intake, and the models' disqualification of (semi-) hard cheeses had a negative impact on the calcium intake. Conclusions: The evaluation of product-specific intake data was critical to understand the potential impact of any profiling scheme on nutrient intake. Selecting dairy products based on nutrient profiling could help reduce the intake of less-desirable nutrients, such as SAFA and sodium. However, models that are too restrictive might negatively impact calcium and vitamin D intake. Ultimately, the effectiveness of nutrient profiling models will be determined by the fact whether or not complying foods are consumed.
Introduction
Nutrient profiling models allow the categorisation of foods according to their nutritional composition. Several authorities, health organisations, food manufacturers and retailers therefore apply such schemes to guide consumers' choices towards healthier options and, ultimately, a more balanced diet (Nijman et al., 2007; Choices International Foundation, 2010; FDA, 2010; Livsmedelverket Swedish National Food Administration, 2010; OFCOM, 2010) . Townsend (2010) recently suggested a multi-level conceptual framework for the validation of such models. Previous studies have mainly focused on how foods were categorised as either qualifying or non-qualifying items (Azais-Braesco et al., 2006; Arambepola et al., 2007; Quinio et al., 2007; Scarborough et al., 2007; Volatier et al., 2007; Darmon et al., 2009; Fulgoni et al., 2009) . Another way to validate these models is to evaluate the potential impact of a profiling-based intervention on daily nutrient intake. Such predictions were calculated for one profiling model mostly based on generic food composition and average dietary intake data of adults (Roodenburg et al., 2009 (Roodenburg et al., , 2011 . The focus of the present study was on children and adolescents between 4 and 18 years, as an increasing number of regulatory interventions target changes in the dietary behaviour of this subgroup of the population. At the same time, our aim was also to compare the potential impact of various profiling models with different underlying principles in one study and to evaluate individual consumption data on commercially available products. Owing to the complexity of the data, the analysis was limited to dairy products, which are of particular importance in the diet of children and adolescents.
Materials and methods
General description of the data assessment We first determined the standard dairy consumption pattern of German children and adolescents. Second, we evaluated all consumed products against five nutrient profiling models (Table 1) to understand the impact of their categorisation into qualifying and non-qualifying items at the product level. Finally, we calculated the potential impact on the intake of energy, saturated fatty acids (SAFA), sodium, calcium and vitamin D based on the assumption that only products that met the models were consumed.
Study sample and dietary survey
The data were obtained as part of the DONALD Study (Dortmund Nutritional and Anthropometric Longitudinally Designed Study), an open cohort study that has been run by the Research Institute of Child Nutrition (Forschungsinstitut für Kinderernährung, FKE) since 1985. Specifically, we used 3-day weighed dietary records obtained through intake recording by the participants or their parents. Additional details of the DONALD methods have been published (Kersting et al., 1998; Kroke et al., 2004) . All examinations and assessments were performed with parental and, later on, with the children's written consent. The study was approved by the ethical committee of the Rheinische FriedrichWilhelms-University Bonn.
The DONALD participants generally have an aboveaverage socioeconomic status, which is a potential weakness of this study. However, the dietary habits identified are similar to the results of the EsKiMo Study, a module of the representative German children and adolescent health survey KiGGS conducted from 2005 to 2006 (Mensink, 2007; Mensink et al., 2007) .
In total, intake data from 2208 dietary records from 584 participants (295 boys and 289 girls) aged 4-18 years were analysed, covering all DONALD participants between 2003 and 2008.
Selection of food and beverage subcategories
Product composition data were obtained from LEBTAB, a database which is continuously updated with any new product mentioned in the DONALD dietary records (SichertHellert et al., 2007) . Energy and nutrient contents of basic food items (currently more than 1200) are taken from Table 1 Overview of chosen nutrient profiling models and key parameters (Choices International Foundation, 2009; Darmon et al., 2009; FSA, 2009; Livsmedelverket Swedish National Food Administration, 2009; FDA, 2010 standard food composition databases, primarily from Germany (Souci et al., 2000) . If no data can be found, nutrient contents are imputed from similar foods. No missing values are allowed. For commercial products (currently more than 10 800 complex, multi-component products not prepared at home and bought as such) nutrient composition is estimated by simulating a recipe based on the labelled ingredients, which are usually basic foods. Added sugars are handled like other nutrients following the definition of the US Department of Agriculture ('sugars and syrups added to food during processing' (USDA, 2011)). Dietary consumption data were calculated from the individual means of the three recorded days. Starting with the products with the highest daily consumption levels (in grams), a subset of items was selected so that their accumulated intake represented 495% of the total dairy consumption. At the same time, these products represented 495% of the consumption of each selected subcategory in LEBTAB (Table 2 ). All items typically used as recipe ingredients, such as cream, were excluded. For further data processing, 307 identified products were recategorised into two main groups ('Cheeses' and 'Other dairy products') and four more-specific subgroups ('Fresh cheeses', '(Semi-) hard cheeses', 'Dairy drinks' (including milk) and 'Dairy desserts'). SAS procedures (version 9.1.3, Statistical Analysis System, Cary, NC, USA) were used for the data analysis.
Application of nutrient profiling models
We evaluated all products against five profiling schemes that are applicable to majority of the foods and drinks, including dairy products (Table 1 ). The selected profiling models cover both threshold and scoring algorithms. Threshold models set minimum and maximum levels for positive and negative nutrients, respectively. Scoring models allocate points to the nutrient levels in a product, and a final score is calculated as the sum of these points. All models included criteria on fat (total fat or SAFA), sugars (total or added sugars) and sodium. In addition, some of the models define additional positive (protein, fibre and fruits and vegetables) or negative (energy, trans fatty acids and cholesterol) criteria (see Supplementary Information for further details on the criteria applied in this study).
Product categorisation, food choice scenarios and correlated nutrient intake For each nutrient profiling model, we assessed the percentage of items that met all criteria ('eligible products') and determined the average proportion of reported consumption they represented. In addition, we compared the nutrient content of the eligible products with that of all products in the study.
For the analysis of the potential impact of the profiling models on energy and nutrient intake, we assumed that participants only consumed eligible products. To simulate this, we kept the total consumption levels (in grams) in each DONALD record the same but replaced the consumption of non-eligible products by proportionally increasing the consumption of eligible products reported in the record. This simulation was performed for each profiling model and within groups of similar product choices,that is, within the subcategories of Dairy drinks, Dairy desserts and Cheeses. Based on this simulated scenario, median intakes of energy, SAFA, sodium, calcium and vitamin D were calculated for each profiling model and compared with the equivalent standard intake reported in the DONALD Study.
Statistical analysis
In both main product groups, distribution plots were nonnormal for the majority of nutrient content levels and consistently non-normal for nutrient intake levels. We therefore evaluated median values. In addition, we assessed the mean values for calcium levels in Cheeses to better illustrate differences in the effects of the models. Differences in nutrient content levels of all reported versus eligible Other dairy products were tested for significance using the unpaired Student's t-test for normally distributed energy levels and the Mann-Whitney U-test for nonnormally distributed levels of all other nutrients. Differences in nutrient content levels of Cheeses could not be significance tested due to the low number of eligible items. Differences between reported and simulated nutrient intake from both main product groups were assessed using the Wilcoxon signed-rank test. All tests were two-tailed and performed with a ¼ 0.05.
Results

Proportion of eligible products
The first part of Table 3 shows the percentages of products rated eligible by model and product subcategory. The Swedish Keyhole and Choices Programme models were the most restrictive overall, with o20% of all products qualifying. The other models classified between 27 and 55% of the products as eligible. Although the numbers of eligible products were similar when looking at Other dairy products only, the Choices Programme model allowed by far more Cheeses to qualify than all other models. Together with the Swedish Keyhole model, it was the only model that qualified some (Semi-) hard cheeses.
Proportions of total reported consumption represented by eligible products The second part of Table 3 shows what percentages of the total consumption (in grams) were represented by eligible items. The nutrient profiling models classified an average of between 6 and 59% of the total consumption of each participant as favourable, which in some cases differed from the proportions of eligible products. For example, the Choices Programme model rated on average 17% and the SAIN,LIM model 27% of all products eligible, but these represented 35% and 59% of the participants' consumption, respectively. In contrast, the Swedish Keyhole model rated one third of all Dairy drinks eligible, but these represented only 3% of participants' consumption.
Impact of the nutrient profiles on energy and nutrient contents Table 4 shows the potential impact of each profiling model on energy and nutrient contents.
Cheeses rated eligible by the profiling models showed considerably lower median contents of all nutrients, except calcium, compared with all Cheeses in the study. For calcium, reductions could only be illustrated by looking at mean values (Table 5) , as the distribution of products and therefore the median values of calcium contents were skewed towards items with lower calcium levels. All profiling schemes except the Food Standards Agency model led to median levels of energy, SAFA and vitamin D in eligible Other dairy products that were significantly lower (Po0.0001) than in all products in the study. Differences in median sodium and calcium levels were minor across all models.
Potential impact of the nutrient profiles on energy and nutrient intakes
The median intake of all key nutrients from Cheeses was reduced significantly (Po0.0001) by all profiling models, when assuming consumption of only eligible products (Table 4) . Reduction levels were similar across all models with the exception of the Choices Programme model, which had a lower, yet still-noticeable, impact on energy and key nutrient intake from Cheeses. Other dairy products contributed significantly less energy, SAFA, calcium and vitamin D (Po0.0001) in most profiling models, The percentages show the differences between the average nutrient content of the products rated as eligible by the models out of all the products in the study; Tested for significance using unpaired Student's t-test (energy) and Mann-Whitney U-test (all other nutrients). b The percentages show the differences between the simulated nutrient intakes based on the assumption that only eligible items are consumed and the total measured intake (full replacement of non-eligible items with eligible items on a weight basis); tested for significance using Wilcoxon signed-rank test. * -*****All the P-values are o0.05 (*Po0.0001; **P ¼ 0.019; ***P ¼ 0.013; ****P ¼ 0.050; *****P ¼ 0.002).
Nutrient profiling and dairy nutrient intake J Trichterborn et al but changes in the intake levels of sodium and calcium were small. The reductions in the simulated median intake differed significantly from the reductions in the average nutrient contents of the products (Table 4) . This difference was based on the fact that within the group of eligible items, products were consumed in different amounts. The SAIN,LIM model had a significant impact on the median energy (À42%), SAFA (À86%) and vitamin D (À87%) content levels of Other dairy products (Po0.0001), but the potential impact on the median intakes was rather small (À13%, À7% and À6%, respectively (P40.0001)). In contrast, median intake reductions (Po0.0001) for energy (À44%), SAFA (À54%) and sodium (À27%) from Cheeses were much higher than median content reductions (À19%, À18% and À1%, respectively) for the Choices Programme model.
Discussion
The findings of the present study confirm that the application of nutrient profiling models could potentially reduce the dietary intake of SAFA and sodium from dairy products in German children and adolescents. At the same time, however, intake of calcium and vitamin D could potentially be reduced. The number of eligible items within the category of dairy products and its subcategories highly depends on the nutrient profiling model applied. Some of the models only qualify a relatively small number of items, but consumption levels represented are high or vice versa. The application of a profiling model can also lead to a selection of products with average nutrient levels that differ considerably from the average levels in the original set of products, but the potential impact on median nutrient intake would be only moderate or vice versa. This indicates that differences in the individual consumption levels of qualifying items have a major role when evaluating the impact on nutrient intake. Townsend (2010) pointed out the importance of validating nutrient profiling models against independent and consistent standards and outlined a multi-level conceptual framework for this purpose. Previous studies mainly focused on how the categorisation of foods as eligible or non-eligible by the models compared with the judgments of nutrition experts (Azais-Braesco et al., 2006; Scarborough et al., 2007) , measures of diet quality (such as dietary patterns or index foods linked to health) (Quinio et al., 2007; Volatier et al., 2007; Fulgoni et al., 2009) or compatibility with general nutrition recommendations (Arambepola et al., 2007; Darmon et al., 2009) . The advantages and limitations of these approaches were recently discussed by Roodenburg et al. (2011) . Roodenburg et al. (2009) and Roodenburg et al. (2011) applied an alternative validation approach by predicting the potential effect of the Choices Programme on nutrient intake in various countries. Like most of the previous studies, these assessments were conducted mostly based on compositional data from generic food database items and on average adult intake data. This approach allowed for the assessment of the potential impact of the Choices Programme across the whole diet and across a large proportion of the population. The aims of the present study were to apply a similar approach, but to compare various profiling models, achieve a high level of data accuracy by assessing all commercially available and branded products consumed by each participant instead of average consumption of generic items, and focus specifically on children and adolescents. To reduce the complexity of the data analysis, dairy products were chosen as a model category.
The results show the importance of taking product-specific intake data into account to fully understand the potential impact of the application of nutrient profiles. First and foremost, the impact of a profiling model on nutrient intake depends on how products are categorised into qualifying and non-qualifying items. However, it is not sufficient to evaluate the number of qualifying products or the potential impact on nutrient levels. The frequency of consumption of the products has to be taken into account to determine the potential impact on nutrient intake.
Dairy products contribute considerably to the daily intake of SAFA and sodium, both of which are consumed in excess by German children and adolescents . The consumption of products rated eligible by the profiling models only could effectively help children and adolescents eat reduced amounts of SAFA and sodium while maintaining general consumption habits.
Dairy products are also important sources of calcium, the average intake of which barely meets the recommendations for many age groups, and vitamin D, the intake of which falls considerably short of the recommended levels for children and adolescents of all ages (Alexy and Kersting, 1999; Holick, 2007; Mensink et al., 2007; Kersting and Bergmann, 2008) . The intake of these nutrients could also be highly impacted by the application of nutrient profiles.
The results show that the exclusive consumption of eligible items could have a bigger impact on nutrient intake from cheeses (decreased intake of SAFA, sodium, calcium and vitamin D) than from other dairy products (intake of sodium and calcium would remain stable). Especially (Semi-) hard cheeses are important contributors to the dietary intake of calcium, but contain significant amounts of sodium at the same time. The intake of fat-soluble vitamin D would be reduced from both categories, as contents are reduced when milk is skimmed and most German products are not fortified to make up for this loss. Differences in the underlying principles of the models' calculation algorithms did not lead to specific differences in the potential impact on nutrient intake. Future research could help to achieve more balanced results by simulating varying combinations of these principles.
In our study, we assumed that the consumption of noneligible products would be replaced by eligible items on a weight basis. This approach follows general dietary recommendations, for example, participants consume one glass of reduced-fat milk instead of full-fat milk, and seemed most appropriate for the evaluation of one category only. An alternative calculation that assumes consumption would increase to compensate for reduced energy intake is another way to assess the potential impact and is especially important when assessing a whole diet, as increases in energy intake would likely come from multiple food categories. Therefore, future research should focus on studies that show whether potential applications of nutrient profiling (such as the regulation of advertising and claims or front-of-pack signposting of healthier options) can guide consumer choice across categories. Such data would also help elucidate whether the potential decreases in intake of calcium and vitamin D from dairy products could be compensated for by higher intake of these nutrients from other foods.
Despite these limitations, the results of this study show the necessity of defining any nutrient profiling model, such that reductions in the intake of nutrients negatively linked to health are achieved without jeopardising the intake of positive nutrients, particularly those that are not consumed in sufficient amounts. Without fortification and accounting for existing consumption habits, a more balanced impact can only be achieved for dairy products by allowing some hard and semi-hard cheeses to qualify and by avoiding excessively restrictive fat thresholds for dairy products other than cheeses. Important parameters to take into account include the differences in the intrinsic nutritional composition and typical serving sizes between cheeses and other dairy products.
Ultimately, the effectiveness of any nutrient profiling model depends on the effectiveness of the application it is used for. When regulating food advertising or food labelling, the categorisation of single products by nutrient profiling can have a measurable impact on a population's diet if consumer behaviour responds accordingly. Additionally, food manufacturers can be incentivised to reformulate their products if product eligibility is achievable without compromising too much on important drivers of consumer preference such as taste and price.
Conclusions
The evaluation of product-specific intake data was critical to understand the potential impact of any profiling scheme on nutrient intake. Selecting dairy products based on nutrient profiling could help reduce the intake of SAFA and sodium from dairy products. However, models that are too restrictive could negatively impact calcium and vitamin D intake. The eligibility of (Semi-) hard cheeses and vitamin D fortification, among other potential options, could help to minimise these effects.
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